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Description 

Held of the invention 

This invention relates to a method of covatently 
binding organic ligands to polymeric carriers. In 5 
one of its more particular aspects the invention 
relates to a new method of covaiently binding 
organic ligands containing one or more primary 
or secondary amino or sulfhydryl groups to 
polymeric gels. to 

Baclcg round and summary of the invention 

The need for purifying various biologically 
active materials in a fadle manner has long been 
appreciated. Eariy n^ethods of enzyme purffica- ts 
tion, for example, were cumbersome ^nd time 
consuming. Recently it has been found that enzy- 
mes and other biologicalfy active materiais can be 
purified by a process which involves immobiliza- 
tion of the enzyme or other biologically active 20 
nwterial which will be referred to herein as a 
llgand, followed by separation of the immobilized 
ligand from the mbcture in which it Is present The 
ligand can tiien be used in its immobilized form, if 
desired, or can be released from the carrier on 25 
w^ich it is immobilized by suitable chemical 
treatment and used In its non-immobilized form. 
The discovery of nnethods for covaiently boniding 
ligands to polymeric carriers has advanced the 
practice of enzymology, immunology, and so 
various other biological techniques. 

One of the first methods for immobilizing 
biological ligands invohred treatment of a 
polymer containing hydroxyl groups with an 
activating agent such as cyanogen bromide, 36 
CNBr. The activated polymer could then be used 
to directly bind various biological Uganda to the 
polymer by means of covalent bonds. Porath et aU 
describe several chemical activation methods 
including the CNBr method In Porath, et al., 40 
"Immobilized Enzymes. Methods in Enzymology, 
K. IWosbach, Ed., Vol. 44, p. 19--45, Academic 
Press, New York (1976). Most of the early 
methods for activating polymery containing 
hydroxyl groups were subject to certain dis- 4S 
advantages which made their widespread use 
impractical. In particular CNBr acthmtion pro- 
cedures suffer from the following disadvantages: 
(1) the linkages fomned between CNBr^ctivated 
hydroxyl containing polymers and the amino so 
groups of ligands which are reacted with the 
activated polymers are labile; (2} tiie reaction 
between the activated polymer and ligand fre- 
quently results in the introduction of charged 
species which interfere with utilization of tiie ss 
reaction product in affinhy absorption; (3) CNBr is 
a noxious, lachrimatory and poisonous chemical 
which requires special care in Its handling. 

Efforts to tind another method other than the 
CNBr method for coupling ligands to hydroxy! so 
containing polymers resulted In the use of a 
number of different reagents including triazine 
trichloride, N -hydroxy sucdnimide l,V-carbonyl- 
dlimidazole and epoxy compounds. The use of 
epoxy compounds is described in Axen at al. Acta es 



Chem, Scand., B29: 471^74 <1976). Epich- 
lorohydrin or 1Ai)l8{2,3-epoxypropoxy) butane 
reacts with a hydroxyl group of an agarose gel to 
form an epoxide gel. The epoxide gel Is then 
reacted with sodium thiosulfate to give a thiosul- 
fate ester gel, which is then reduced by dithio- 
threitol to give a modified agarose gel containing 
a thiol group. This so-called thiol gel Is then 
converted to a 2-pyridyl disulfide gel by means of 
2,2'-dipyridyl disulfide. A solution of urease Is 
then passed through a column of the disulfide gel 
to obtain an enzyme conjugate of high protein 
content arid high catalytic activity. One dis- 
advantage of this procedure Is that the epoxy 
substituted polymer is not stable.enough to store. 

More recantiy the use of various organic sul- 
fonates has found wide use In preparing 
immobilized affinity ligands. Fk>r example. Nils- 
son et a!., Eur. J. Blochem., 1 12: 397-^2 (1980) 
describes the coupling of a number of biomolecu- 
les to agarose gels t>y means of p-toluenesutfonyl 
chtoride. The biomolecules used indudea nudaic 
adds and enzymes. 

The use of other organic sulfonyl halides and 
the use of other hydroxyl group carrying supports 
are described in Nllsson et bL, Biochem. Biophys, 
Res. Comm., 102: 449-^57 (1981). The most 
active sulfonyl halide appears to be 2,2,2-trif- 
luoroathanesulfonyl chloride (tresyl chloride). 
Other hydroxyl group carrying supports men- 
tioned in this reference are cellulose, diol-dlica, 
glycophase-glass, and hydroxyethyt methacry- 
tate. 

U.S. Patent No. 4,415,665 to Mosbach et al. 
teaches a method of covaientiy binding a biologi- 
cally active substance containing amino, thiol or 
aromatic hydroxyl groups directly to a polymeric 
substance containing at least one hydroxyl group 
by forming a reactive sulfonate derivative of the 
polymeric substance and then reacting the thus 
activated polymeric substance directiy with the 
biologically active organic substance. Although 
the use of sulfonyl halides has proven to be 
advantageous in many ways, the cost of the more 
active organic sulfonyl halides tends to be pro- 
hibitive and tresyl chloride, being a liquid, is less 
convenient to handle. 

The purification of enzymes using consecutive 
thi<ri-disutfide interchange reactions is described 
In Carlsson et al.. Acta Cham. Scand., B30: 
180—182 (1976) in a communication in which 
urease is covaientiy bonded to agarose-2-pyridyt 
disulfide. Although this procedure is effective in 
canying out the covalent chromatographic purifi- 
cation of urease, the preparation of the agarose-2- 
pyridyl disulfide involves a combination of steps 
utilizing an unstable epoxide derivative. 

Mukaiyama et al. disdoses the use of 1 -methyl- 
2-alkoxypyridinium salts as reagents for prepar- 
ing various 2-pyridyl sulfides. Mukaiyama et al., 
Chem. Lett., 1159—1162 (1975). 

Hojo et al. successfully demonstrated the con- 
version of various alcohols to the corresponding 
thiolalcohol by reacting the alcohol with 1- 
methyl-2-fluoropyridinium salts and sodium N,N- 
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dimethyldrthjocarbamate folfowed by reductive 
cleavage. The alcohols exemplified by these 
authora, including carbohydrates and steroids, 
were low molecufar weight monomeric alcohols. 
Hojo et al. Chem, £etr., 437— 440 (1977). 

A convenient method has now been found for 
preparing covalent chromatographic matrices 
ut'iizing a hydroxy] containing polymer which has 
been activated by reaction with 2-fluoro-1-methy- 
Ipyridinium toluene-4-sulfbnate (FMP). The acti- 
vated hydroxyl containing polymer can be used In 
forming covalent bonds with various ligands con- 
taining amino and sulfhydryl groups. However, 
the covalently bound ligands are difficult to 
remove from the polymeric matrix. Therefore, it 
was found desirable to bind the ligand to the 
polymer In a manner such that the ligand could be 
readily removed when desired. The procedure 
involves conversion of the activated polymer to a 
thiol gel, that is, a sulfhydryl group containing 
polymer. The thiol gel can then be reacted with 
2,2'<lipyridyl dtsu Ifide to form a 2-pyndy 1 disulfide 
derivative of the polymer. Thiol-dtsulfide Inter- 
change with the sulfhydryl group containing 
ligand causes the ligand to be linked to the 
polymer by means of a disulfide linkage. Removal 
of the ligand when desired can be readily accom- 
plished by reduction of the disulfide linkage with a 
thiol such as drthiothreitol. 

Two different routes to the thiol gel are avail- 
able. In one, sodium dimethyl dithiocarbamate Is 
used to convert the activated polymer tx) the 
corresponding dimethyl dithiocarbamyl deriva- 
tive, which, by means of reductive cleavage Is 
converted to the desired sulfhydryl substituted 
polymer, hereinafter referred to as the DS-gel. 

Another route to a thiol get Involves treatn>ent of 
the FMP activated polymer with dithiothreltol to 
form a dithiothreityl gel, a thiol gel, hereinafter 
referred to as the DTT-gel, in which the free 
sulfhydryl group is 4 carbon atoms removed from 
8 thioether linkage to the polymer. 

Depending upon the particular application for 
which the covalent chromatographic matrix Is 
intended, either the DS-gel or the DTT-gel may be 
ideally suited for the particular chromatogrephlc 
procedure which Is to be carried out For example, 
the DTT-gel may be particularly adapted for use in 
those Instances where the ligand contains bulky 
groups which might prevent it from approaching 
close enough to the polymer to attack the disulfide 
linkage, were it not forthe space provided between 
the polymer surface and the disulfide linkage by 
the Intervening 4 carbon atom chela 

Brief description of the dra>Mng8 

Hgure 1 is a schematic flow sheet illustrating the 
process for preparation of en activated polymer 
according to the present invention. 

Rgure 2 is an elution curve Illustrating the 
affinity purification of rabbit antiserum to 2A- 
Dinrtrophenyl bovine serum albumin using 2, 4- 
DNP-iysfne conjugated Sepharose CL-4B as the 
affinity matrbc 

Figure 3 is an elution curve illustrating the 



affinhy purification of rabbit anti-tobramycin 
serum using tobramycin conjugated Sepharose 
CL-4B as the affinity matrix. 
Figure 4 is a schemetic flow sheet illustrating the 

5 various routes to the preparation of a thiol gel. 

Rgure S is an elution curve showing the absorb- 
ance of various fractior\s of eluate during the 
purification of jack-bean unrease by covalent 
chromatography. 

w Rgure 6 is a reaction curve showing the course 
of the immobilization of £. Co// beta-galactosfdase 
on 2,2'-dith»odipyridyl activated thiol (DDT) gel 
and the reversal thereof upon the addition of 
dtthiolthreitoL 

IS 

Detailed description 

The potymeric carrier can be a water insoluble or 
water soluble polymeric substance and the choice 
of the cam'er is not critical for carrying out the 

20 process of the present invention. In principal, any 
type of carrier can be used which has a polymeric 
nature and contains at least one hydroxy! group 
bonded to a carbon atom which is available for 
activation and coupling. The carrier is chosen with 

25 regard to the requirements in the individual situa- 
tion, primarily with regard to the type of ligand to 
be coupled and the Intended use of the coupling 
product The carrier may be comprised of natural, 
semi-synthetic or synthetic materials containing 

30 hydroxy! groups. Exampjes of Important carrier 
materials are polysaccharides and polysaccharide 
containing materials, for example, cellulose agar- 
ose, dextran and cross-linked products thereof. 
Examples of synthetic carriere are polyethylene 

3s glycol, polyvinyl alcohol, polyhydroxyethyt 
metiiyl acrylate and the like. It is, of course, also 
possible to use carriers which nonm^ty do not 
contain hydroxyl groups but which, by suitable 
treatment, can be provided with such groups. An 

40 example Is silica particles, to tiie surface of which 
have been banded groups containing at least one 
hydroxyl group bonded to a carbon atom. 

The activation of hydroxyl containing polymeric 
carriers can be carried out in the presence of a 

4S slight excess of a tertiary amine such as triethy- 
lamine or tributylamine In dry polar organic 
solvents auch as acetonitrile, acetone ortetrahyd- 
rofuran. FMP reacts rapidly, usually in about 1—15 
minutes at ambient conditions of temperature and 

so pressure, for example, at about 22—35^, with 
hydroxyl groups of various potymeric materials to 
form 2-alkoxy-1-methylpyridlnlum salts, which 
react readily with amino or sulfhydryl groups of 
various nudeophiles suitable for use as affinity 

ss ligands. Other 2-halo-1-methy Ipyridinium salts 
such as 2-chloro-1-methylpyridinIum salts can be 
used, but the 241uoro-1-methylpyridlnium salt ia 
prefen-ed because of its greater reactivity. 
Unraacted activating agent such as FMP can be 

GO easily washed from the polymeric carrier with a 
dilute acid such as dilute HCl, for example, with 2 
mM HCl, to purify and stabilize the activated 
polymer without causing hydrolysis of the acti- 
vated hydroxyl groups. 

6s The FMP-actlvated polymeric carrier was found 
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to be stable for at least 4 months when stored at 
4"C in 2 mM HQ. The activated polymeric carrier 
can also be stored in dilute mineral acids such as 
2 mM phosphoric acid or in dry form, if desired. 
Activation densities of 4— 7 micromoles per ml of 
gel are routinely obtained. 

The coupling method of the present invention is 
generally applicable to organic ligands containing 
the indicated amino or sulfhydryl groups. For 
example, primary amino, secondary amino or 
sulfhydryl groups may be utilized for the desired 
coupling to the activated polymeric hydroxyl con- 
taining polymer, likewise, salts of sulfhydryl 
group containing compounds such as Na salts 
thereof are useful for this purpose. In general, die 
product selected for coupling should be a good 
nudeophile, so that the coupling reaction can be 
carried out smoothly. Any group capable of dis- 
placing the 1-methyl'2-pyridoxy group from the 
polymeric carrier is satisfactory for use as a 
llgand. Thus, the ligand may contain any alipha- 
tic, aromatic heterocyclic, or heteroaromatic radi- 
cal or any radical which is a combination of the 
foregoing, so long as the resulting ligarwl will 
have functional groups available for coupling- Of 
special interest are biologically active ligands, for 
example, proteins, such as enzymes; antibodies 
and antigens; amino acids; thiol compounds; 
cof actors; nucleotides; polynucleotides; haptens 
and many other types of biologically active 
ligands, especially those having btospecific affin- 
ity to another substance which can be used, tor 
example, for affinity chromatographic purposes. 

The reaction scheme is illustrated In Rgure 1 of 
the drawings wherein the symbol 

—CH^H 

represents a polymeric earner having at least one 
— CHj— OH group, TsO" represents the toluene-4- 
sulfbnate ion, TEA reprasanU triethylamine, 
L — NH2 represents an amino group containing 
ligand and L— SH represents a sulfhydryl group 
containing ligand. 

Coupling can be carried out under varying 
conditions of temperature and pH and can be 
performed in aqueous reaction media as well as 
in polar organic solvents. Reaction conditions are 
not critical for either the activation step or the 
coupling step and are primarily chosen with 
regard to the sensitivity of the reactant and to 
practical considerations of convenience. Mild 
reaction conditiorts are preferred. It Is, for 
example, often suitable to work at ambient 
temperatures and pressures and. In the case of an 
aqueous reaction medium, the pH is usually close 
to neutral, for example, pH 8—9. The degree of 
coupling to the hydroxyl groups of the canier can 
be varied as needed by stoichionmetric adjust- 
ment to utilize essentially alt available hydroxyl 
groups of whatever part thereof is desired. Coup- 
ling efficiencies of 70— 80% are realized routinely. 

Unreacted activated groups remaining after 
coupling, which might impede further utilization 
of the coupled polymer, can be removed by 
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suspending the coupled polymer in 0.2M Tris-HCI, 
pH 9, at room temperature, for 2 hours. Other 
nudeophiles such as ethanolamine or marcap- 
toethanol can also be used for this purpose. 

5 The preferred coupling process of the present 
invention involving the use of a thiol gel will be 
described in detail with reference to Rgure 4, 
wherein there are shown the various steps 
involved in the overall reaction scheme. 

10 The first step in the process shown Is the 
reaction of hydroxyl containing polymer having at 
least one reactive hydroxyl group (Formula 1) 
with 2-fluoro-1-methylpyridinium toluene-4-5ulfo- 
nate (Formula 2), which has been described 

15 above. The resulting 2^lkoxy-1 -methylpy- 
ridrnium salt (Formula 3) wrill be referred to at 
times as the activated polymer or aclwated gel 
The activated polymer is readily attacked by 
nudeophiles, since the 1-methyl-2-pyridoxy 

20 group is a good leaving group being readily 
converted to 1-methyl-2-pyridone (Formula 4J 
upon nucleophilic substitution by a ligand. 

One sequence of reactions leading to the pro- 
duction of a thiol gel, wherein the sulfhydryl 

26 group Is direcdy lx)nded to a carbon atom of the 
polymer, utilizes sodium dimethyl dlthiocarba- 
mate (Formula 6) to react by nucleophilic sub- 
stitution upon the activated polymer to produce a 
dimethyl dithiocarbamayl derivative of the 

30 polymer (Formula 6). Reaction of the activated gel 
with sodium dimethyl dithiocarbamate occurs 
readily in an organic solvent such as N,N- 
dimethyl formamide (OMF). Other solvents which 
may be used include acetonltrlle, acetone and 

36 tetrahydrofuran. The reaction is readily con- 
ducted under ambient conditions of temperature 
and pressure in a period of about 12 to 20 hours. 

Reduction of the dimethyl dithiocarbamyl 
derivative of the gel results in a thiol get having a 

40 suKhydryl group directly bonded to a carbon 
atom of the gel (Formula 7). Reduction can be 
readily accomplished usir>g any standard reduc- 
ing agent such as sodium borohydrids, lithium 
aluminum hydride or sodium dithionite. The reac- 
ts tion takes place readily under ambient condhlons 
of temperature and pressure and In a period of 
time of about 6 hours to 12 hours. The resulting 
DS-gel has a sulfhydryl group content of 5—15 
mlcromole per gram of dry gel. 

so Another routs to a thiol get involves the reac- 
tion of the activated gel (Formula 3) with dlthlot- 
hreitol (Formula 8) to produce the DTT-gel, (For- 
mula 9) a thiol gel having a sulfhydryl group, 
which is separated by a 4 cart>on atom chain from 

66 a thioether linkage to the polymer. The activated 
get and dlthiothreitol are readily reacted by mbc- 
ing in the presence of a base such as sodium 
bicartjonate or a tertiaryamine, such as triethy- 
lamine or tributylamine. The reaction Is con- 

€0 ducted under ambient conditions of temperature 
and pressure and is complete in a period of about 
4 to a hours. 

The resulting DTT-gel, like the DS-gel, can then 
be used as a covalent chromatographic nr^trix. 

65 However, before proceeding with the use thereof, 
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rt Is important that any unreacted l-methylpv- 
ridoxy activating groups be removed from the 
DS-flei or DTT-gel in order to control the desired 
course of the reaction with the ligand which is the 
subject of the covalent chromatography. Removal 
of unreacted activating groups is readily accom- 
plished by using a reactive ligand such as Tris- 
HCU for example, 0.2 M Tria-HCI, pH 9, 
ethanolamine, nr^ercaptoothanol or other suitable 
reactive ligand which will not however, react with 
the sulfhydryl group of the thiol gel. 

The thiol gel is activated in order to conduct the 
thiol-disulfide interchange which is responsible 
for the binding of the desired ligand to the gel. 
Activation is most readily achieved by reacting 
the thiol gel with a^'-pyridyl disulfide (Formula 
10). The reaction proceeds urKicr ambient con- 
ditions of temperature and pressure and is com- 
plete in a period of about 1 to 3 hours. 

The activated DS-gel (Formula 11) or the acti- 
vated DTT-gel (Formula 12) is then reacted with 
the desired ligand, represented in Rgure 4 as an 
enzyme having a free sulfhydryl group (Formula 
13) in order to form a disulfide linkage between 
the gel ar>d the enzyme. In the case of the DS-gel, 
the disulfide linkage binds the enzyme direcdy to 
a carbon atom of the gel (Formula 14), whereas in 
the case of the DTT-gel, the disulfide lirilcage 
binds the enzyme to a carbon atom chain linked 
by a sulfur atom to a carbon atom of the goi 
(Formula 15}. In both cases, 2-thiopyridone (For- 
mula 16) is displaced from the activated thiol gel. 
Formulae 14 and 15 Illustrate immobilized enzy- 
mes. It should be appreciated that many other 
ligands can be similarly immobilized in accord- 
ance with the above described process. Reaction 
of the ligand with the activated thiol gel is readily 
carried out under ambient conditions of tempers- 
ture and pressure with suitably puftfied and 
buffered ligand. The reaction is complete in about 
2 to 6 hours. 

The immobilized enzyme will release the 
enzyme (Formula 13) upon treatment with a 
reducing agent (Formula 17) such as cysteine, 
dithiothreitoi or mercaptoethanol. Release of the 
enzyme occurs readily at ambient conditions of 
temperature and pressure. 

The invention will be better understood with 
reference to the following examples which are 
intended for purposes of illustration and are not 
to be construed as in any way limiting the scope 
of the present Invention, which is defined in the 
claims appended hereto. 

Example 1 

Activation of cross-linked agarose with 2-f!uoro-1- 
methylpyridinium toluene-4«ulfonate (FMP). 

Sepharose CL-4B was washed suocessh/eJy 
with 20 gel volumes of distilled water and ma- 
tures of acetone and water having volume-to- 
volume ratioa of 25:75, 50:50. 72:25 and 100% 
acetone and finally, with 10 gel volumes of dry 
acetone. A quantity of 50 g of the washed Sephar- 
ose gel was suspended in 50 ml of dry acetonitrile 
mixed with 1 ml of dry triethylamine and stirred 



vigorously at room temperature. A solution of 3 g 
of FMP in 40 ml of dry acetonitrile and 1.5 ml of 
dry triethylamine was added to the gel suspen- 
sion in 5 ml portions. After 10 minutes the gel was 
s washed with 10 gel volumes of mixtures of 
acetone and 2 mM HCI having a volume-to- 
volume ratio of 75:25, 50:50, 25:75 and undiluted 
2 mM HO. 

to Example 2 

Coupling of N,fi-2,4-Dinltrophenyl-L-lyalne to acti- 
vated gel. 

A quantity of 100 mg of N,s-2A0inltrophenyl- 
L-lysine was dissolved in 30 ml of 0.2 M NaHCOt. 

js To this solution was added ,5 g of the FMP- 
activated get prepared according to the method of 
Example 1. The resulting suspension was stirred 
at room temperature for 15 hours. The gel was 
then removed from the suspension and washed 

20 With 500 ml of 0.2 M NaHCO«, resuspended in 100 
ml of 0.1 M Tria-Ha, pH 8, and stirred at room 
temperature for 2 hours. The gel wes then 
washed with 500 ml of 1 M NaCI and 500 ml of 0.1 
M sodium phosphate buffer, pH 7^, containing 

25 0.15 M NaO (PBS). 

Example 3 

Coupling to tobramydn to activated gel 
The FMP-activated gel prepared according to 

30 Example 1 and stored in 2 mM phosphoric add 
solution was removed from the phosphoric add 
and a 20 ml quantity of the FMP-activated gel was 
added to 10 ml of 0.5 M NaKCO, containing 0.2 
millimole to tobramydn. 

3S The gel suspension was gently stih-ed at room 
temperature for 24 hours and then washed with 
500 ml phosphate buffered saline (PBS). The 
washed gel was suspended in 0.1 M Tris for 15 
minutes to deactivate any unreacted activated 

40 hydroxyl groups. Then the gel was washed with 
500 ml of PBS, 1000 ml PBS containing 1 M NaQ, 
and finally with 500 ml of PBS. 

In order to determine the extent of activation of 
the hydroxyl groups of the polymeric carrier, the 

4S density of activated expressed in units of 
micromoles per ml of gel is measured. Since 1- 
methyl-2-pyridone Is released from the activated 
gel upon coupling with nudeophtles, ft Is possible 
to quantitatively determine the density of activa- 

so tion by means of the absorbance at 297 nm of the 
solution In which the coupling reaction Is con- 
ducted. At this wavelengtii In 0.2 M Tria-HCt, pH 9, 
1-methyl-2-pyrtdone has a molar extinction of 
5900. The density of activation can then be dater- 

55 mined by suspending 1 ml of acthmted gel in 2 ml 
of 0.2 M Tris-HQ, pH 9, and stirring gentiy at room 
temperature for 10 houre. Upon centrifuging the 
resulting gel suspension the absorbance of the 
supernatant at 297 nm is measured and com- 

50 pared with the absorption of solutions of 1- 
methyl-2-pyridone of known concentration. Using 
the activation procedure herein described, an 
activated gel with activation density of 40—70 
mlcro-moles/ml of Sepharose CL-4B was 

es obtained. 
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The coupted products prepared according to 
the present invention are useful in various 
applications where it is desired to have a ligand, 
such as a biologically active material, 
immoWlized tjy attachment to a polymerfc carrier, s 
for axample, in affinity purification, covalent 
chromatography, and reversible and ineveraibie 
covalent immobilization of biomolecules. The use 
of the coupling products in affinity chromato- 
graphy is illustrated in the following examples. w 

Example 4 

Purification of rabbit anti-serum to 2A0inlt- 
rophenyl bovine serum alblumin using N,e-2,4- 
Dinitrophenyl-Uysine conjugated Sepharose CL- js 
4B as the affinity matrix 

A quantity of 2 ml of rabbit anti-DNP semm was 
contrifuged to remove particulates. The supernat- 
ant vvas applied onto a 0,6x20 cm column of N,e- 
2,4-OinitrophBnyi-Wysine conjugated Sepharose 20 
CL-4B prepared according to Example 2. After 
applying the enti-serum, the column was washed 
extensively with PBS until the absorbance at 280 
nm of the eluate was less than 0.02. Then 0.1 M 
glycine-Ha, pH Z5, containing 10% by volume of 2s 
tetrahydrofuran was used as the eluant The anti- 
body appeared in the third 5 ml. fraction after 
applying glyclne-Ha buffer. The results of this 
experiment are shown in Rgure 2. 

Example 5 ^ 
Affinity purification of rabbit anti^bramycln 
serum using tobramycin conjugated Sepharose 
CL^B as the affinity matrix. 

A quantity of Im of rabbit anti-tobramycin 3S 
serum was diluted tenfold wfth PBS. The diluted 
antiserum was oentrifuged at 2000 rpm for 30 
minutes to remove solid debris. The entire super- 
natant was applied to a 0^x20 cm column of 
Sepharose CL^B conjugated with tobramycin 40 
prepared as described in Example 3. The column 
was washed with PBS until the absort)ance of the 
eluate at 280 nm was less than 0.02. The anti- 
bodies were elutsd with 0.1 M glycine-HCl, pH 2.6 
containing 10% tetrahydrofuran in 7 ml. fractions, 4s 
The results of tills experiment are shown in Rgure 

As shown in Examples 4 and 6 above, the 
ligand coupled polymeric carries prepared 
according to the process of tiiis invention are so 
useful as affinity ebsorbants for purifying various 
matenals which are capable of forming affinity 
bonds with the ligand coupled polymer. For 
example^ the ligand coupled polymery can be 
used for purification of antibodies in which case ss 
alution of the antibodies absorbed upon the 
affinity matrix can be accomplished witiiout caue- 
ing leakage of the ligand from the matrbc The 
ligand coupled matrix is also characterized by 
lability during storaga For example, ti^a N,e-2A eo 
Dlnitrophenyl-L-iysine coupled Sepharose CL-4B 
was stored in phosphate buffered saline at 4**C 
without losing any ligand by leakage from tiie 
ligand-coupled matrix. 

As mentioned above, an Important advantage CB 
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of the coupling nwthod of tfie present invention Is 
tiiat the coupled substance, that Is, the ligand, is 
covalentiy bonded directly to a carbon atom of 
the polymeric canier, which makes splitting off by 
hydrolysis unlikely, Furtiiermora, no additional 
charge is introduced during the coupling reaction 
as is the case in some of the prior art coupling 
methods. Cross-Unking of the carrier material, 
which is a common and undesired side effect of 
coupling mettiods previously available. Is 
avoided by means of tiie coupling method of the 
present invention. 

Example 6 

Preparation of thiol gel-dimethyl dithiocarfaamate 
method (DS-gel) 

A 1 g sample of the dry activated gel of Example 
1 was washed with 100 ml dry N,N-dim6thylfor- 
mamide (DMF) and added to 1 00 ml DMF contain- 
ing 1.8 g sodium dimethyl dfthlocarbamate. The 
gel suspension was stirred at room temperature 
for 16 hours, tfien washed with 100 ml dry DMF 
and resuspended In 50 ml dry DMF. Sodium 
borohydride was added to the suspension in the 
amount of 380 mg. The gel was continuously 
stirred at room temperature for 4 hours. Then 
another 380 mg sodium borohydride was added. 
The suspension was stirred at room temperature 
for 4 nwre hours and then the gel was washed 
witii 200 ml DMF, 1000 ml 2 mM HCI, 500 ml 0,5 N 
Naa and 500 ml 2 mM Ha. The suifhydryl 
content of the thiol gel was determined by means 
of 53'-dlthiobis (2-nltrobenzoic acid) as described 
in G.L Eltman, Awh. Biocham, Blophys, 
82:70-77 <1359) and determined to be 9 
micromole/g of dry gel. 

Example 7 

Preparation of tiiiol gel-dithlothreltol method 

(orr-gei) 

The dry activated gel of Example 1 in a quantity 
of 1 gram was added to a stirred solution of 1 M 
dithiotiireito! {DTT) in 0.2 M NaHCO,. The suspen- 
sion was stirred at room temperature for 5 hours. 
The get was tiien weshed witii 600 ml 0.2 M 
NaHCOa, 500 ml distilled water and 1000 ml 2 mM 
HCI. The suifhydryl coment of the gel was found 
to be 6 micromole/g of dry gel. 

Example 8 

Preparation of activated thiol gel. 

The DS-gel of Example 6 or DTT-gel of Example 
7 was washed with 60% acetone-40% 0,05 M 
NaHCO, 1 mM in ethylenediaminetetraacetic add 
(EDTA). The washed gel was then reacted with 0.3 
M 2,2'-dIpyridyl disulfide. 

Example 9 

Covalent chromatographic purification of urease 
Partially purified jack-bean urease in the 
amount of 1 g was added to 40 ml 0.1 M Tris-HCI, 
pH 7.4 containing 1 mM EDTA and 5 mM dltfilot- 
hreitot (DTT]. The resulting suspension was stir- 
red at 4*C for 1 hour and then centrifuged to 
remove the particulate fraction. A volume of 6 ml 
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of the cloudy supernatant was passed through a 
Sephadex G-50C 1x50 cm column which was 
equilibrated with 0.05 M Tris-HCI, pH 7.4 contain- 
ing 0.5 mM EDTA.7his procedure insured that any 
dithlothreitol preser^t would be removed In order 
to prevent Interference during the aubsequent 
covalent chromatographic procedure. 

A 5 ml volume of the DTT-freo eluate was 
applied to a 0.5x20 cm column of the activated DS- 
gei of Example & The column was then washed 
with 0.05 M Tris-HCI, pH 7A containing 0^ mM 
EDTA until the ebsorbance at 280 nm of the eluate 
was less than 0.1 and with 0.05 M Tris-HQ, pH 7 A 
containing 0.05 mM EDTA and a05 M NaO until 
the absorbance was less than 0.02. The enzyme 
urease was eluted from the column by 0.05 mM 
Tris-HCI, pH 7.4, containing 0,05 mM EDTA and 20 
mM dithlothreitol (DTT). Urease acdvtty was 
assayed by measuring the rate of disappearance of 
NADH ebsorbance at 340 nm through a glutamic 
dehydrogenase coupled reaction. The substrate 
solution used In the reaction contained 0.05 M Tris- 
Ha, pH 74; 0.5 mM EDTA; 1 mM ADP; 1 mM 
alpha-ketoglutarate; 50 mM urea and SOU 
glutamic dehydrogenase. The assay was initiated 
by adding 5—10 microliters of enzyme solution to 
2 mi of substrate solution. The results of the 
immobilization of the urease upon the column and 
the elution from the column are shown In Figure 5. 

From the solid curve of Figure 5 it can be seen 
that most of the UV absorbing materials pass 
through the column unretarded. These mateKals 
ware eluted in the first 11 fractions. Upon applica- 
tion of buffer containing a high concentration of 
Naa, a small amount of additional UV absorbing 
material was eluted in fractions 1 5—20. The dotted 
line curve representing the urease activity shows 
that no urease acth^tty was detected until DTT was 
applied to the column. After DTT was applied, 
starting at fraction 24, strong UV absorbing 
material was eluted in fractions 29-^, as Is 
shown in the curve. The application of DTT 
released not only the enzyme but also 2'4hIopy- 
ridone, which is also strongly absorbing at 280 nm. 
Thatthe UV absorbing material constituted mostly 
2-thiopyrtdone (approximately 90%) was estab- 
lished by dialysis of these fractions against 2000 
ml 0.(» mM EDTA in 0.05 M Tri»4<a, pH 7.4, which 
resulted in an average 34-fold reduction in their UV 
absorbance. Urease activity also increased at the 
same time as the increase In UV absorbance. A 
single passage of the enzyme solution through the 
activated thiol gel resulted in an 11-fold purifica- 
tion with 83% recovery of the total enzyme. The 
purified enzyme was found to have a specific 
activity of 770 unita/mg. 

Similar results can be obtained using the acti- 
vated DTT-gel of Example 8. 

The following example illustrates the reversible 
immobilization of a biologtcaify active material by 
means of covalent linkage through a disulfide 
bridge to the activated thiol gel of the present 
invention. It should be pointed out that immobili- 
zation of a biologically acth^e material for the 
purpose of providing such material in a form 



which is convenient to use requires that the 
disulfide bridge be formed utilizing a sulfhydryl 
group which is not essential to the activity oif the 
biologically active material. 

e 

Example 10 

Reversible tmnrK>bilization of beta-galactostdase 
£ Co// beta-galactosldase in a quantity of 5 mg 
was dtssoh^ in 10 ml of 0.1 M sodium phosphate 

fo buffer, 0.15 M in NaCl, pH 7 A. Wet activated DTT- 
gel prepared according to the procedure of 
Example 8 quantity of 2.5 g was added to the 
eru^me solution. The resulting suspension was 
stirred at room temperature. At timed Intervals, 0.1 

IS ml of the gel suspension wae withdrawn and 
oentrifuged at 2500 rpm for 1 minute. The super- 
natant was diluted 50x with phosphate buffer and 
0.25 ml of the diluted supernatant was aaaayed for 
beta-galactoslda&e jn 2 ml o-nltrophenyl-beta-D- 

20 galactopyranoside solution. After 4 hours incuba- 
tion at room temperature total Immobilization of 
the beta-galactosidase with full activity was 
realized. At that time 20 mM DTT in 0.05 M 
phosphate, pH 7.7, was mbced with the 

25 Immobilized enzyme and samples were with- 
drawn and assayed for beta-galactosidase. As 
shown in Figure 6, the activity of beta-galactosid- 
. ase Increased until at 8 hours reaction time a total 
recover/ of enzyme was realized. 

30 The foregoing description of the invention has 
been directed to particular preferred embodi- 
ments for purposes of explanation and illustration. 
It will be apparent, however, to those skilled In the 
art that many modifications and changes in the 

3$ methods and materials may be made without 
departure from the scope and spirit of the Inver>- 
tion. For example, other hydroxy! containing 
polymeric cam'ers and other ITgands may be used. 
Particular affinity systems descritied herein have 

40 been chosen for convenlerKe and are not Intended 
to be limiting. It is the appllcanf s Intention in the 
following claims to cover all such equivalent 
modifications and variations as fall within the true 
scops and spirit of the invention. 

45 

Claims 

1. A process for activating e hydroxyl group of a 
polymeric substarKo containing at least one 

60 hydroxy] group comprising: 

reacting a polymeric substance containing at 
(east one hydro)^ group with 2-fluoro-1-methY- 
Ipyridlnium toluene-4-au[fonate, and 
recovering a polymeric product wherein at least 
5S some of the hydroxy! groups of the polymer have 
been converted to 1-m0thYl-2-pyridoxy groups. 

2. A process of covalentiy binding: 

(A) an organic llgand that contains at least one 
substituent selected from the group consisting of 
60 primary amino groups, secondary amino groups 
and sulfhydryl groups; 
directly to a: 

(8) polymeric substance containing at least one 
hydroxyl group; comprising the steps of: 
65 (1 } first forming a reactive derivative by reacting 
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(1) 2'fluorx>-1<mothylpyricnniUfn toluene 4-8ulfo- 
nata wftti 

(if) 3 polymeric substance containing at least 
one hydroxyl group, wherein at least one raacdng 
hydroxyl group is bonded to carbon atoms In the 5 
polymeric substance and then 

(2) reacting said reactive derivative directly with 
the organic ligand as set forth in (A). 

Patentansprflehe iq 

1. Verfahren rur Aktivierung elner Hydroxy!- 
gruppe einer polymeren Substanz, die wenlg- 
stens eine Hydroxylgruppe aulweist umfassend: 

Einwirtoenlassen von 2-Fluor-1-Methylpyrldfnto- is 
tuoM-Sulfonat auf efne polymere Sub^anz* die 
wonlgstens eine Hydroxylguppe enthfllt, und 

RQckgewinnen efnes polynrwen Produktes, In 
welchem vranTgstens efnige der Hydroxylgruppen 
des Polynwrs In l-Methyl-2-Pryridoxy-Gruppen 20 
umgewandelt vtrorden sind. 

2. Verfahren zur kovalenten Bindung: 

(A) eines organrschen Uganden, der wonig- 
etens einen Subatrtuenten enthfitt, der aus der 
Gruppe ausgawahft worden 1st, die primfire Ami- 25 
nogruppan, aekunddre Aminogruppen und Sulf- 
hydrylgruppen umfafit; 

direkt mit 

(B) einer polymeren Substanz, die wenlgstens 

eIne Hydroxylgruppe enthSIt; aufweisend die Stu- « 

fen: 

(1) zuerst Umformen eines raaktiven Oerivatas 
durch Umsatzen 
(i) von 2-Ruor-1-Methyipyridintoluol-4-Sulfonat 
il) mit einer polymeren Substantz, die wenig- 3S 
atens eine Hydroxylgruppe aufweist, worin 
wenigetens eine reagierende Hydroxylgruppe an 
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Kohlenstoffatome in der polymeren Substanz 
getHinden ist und dann 

(2) Umsetzen des raaktiven Derivats direkt mit 
dem organischen Ugandan wfe In der Stufe (A). 

Revendloatlons 

1. Proc6d6 deactivation d'un groupe hydroxyle 
d'une substance polym&re comportant au molna 
un groupe hydroxyle qui consiste: 

i faire r^glr une substance polymdre compor- 
tant au moins un groupe hydroxyle sur du 
tolu&ne-4-sulfonate de 2-fluora-1-m6thylpyridl- 
nium, et 

k recueilllr un produtt polymSre, au moins 
certains des groupes hydro)^e du polymdre 
ayant M transform^ en graupe 1-m6thYt-2-pyri- 
doxy. 

2. Proo6d6 de liaison par oovalence de: 

(A) un Itgand organique qui comporte au moins 
un sukmtituant choisi parml las groupes amine 
primaire, amine secondalre et les grouped sulfhy- 
dryie; 

dlrectement k une: 

(6) substance polymdre qui comporte au moins 
un groupe hydroxyle; caract^rise en ce qu'il 
consiste 

(1) h former d'abord un derive rdactif par 
rdactfon da: 

(1) toludne-4-5utfbnate de 2-fiuoro-1-m6thylpyri- 
dinium sur 

(11} une substance polym&re comportant au 
moins un graupe hydroxyte, au moins un groupe 
hydroxyle rdactif 6tant relld d des atomes de 
carbone de la substance polym^^ puis 

(2) k faire r^agir oe d4riv^ r6actif dlrectement 
sur le ITgand orgsnique tel qulndiqud en (A). 
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